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学 位 論 文 題 目
Association of blood pressure with estimates of 24-hour 
urinary sodium and potassium excretion from repeated single 
spot urine samples (反復測定スポット尿を用いたナトリウムお 
よびカリウムの24時間尿中排泄推定量と血圧との関連）
Background and Purpose. The association of dietary sodium (Na) and potassium (K) intake with
elevated blood pressure (BP) is well-established. Reducing Na intake can lead to significant
reductions in BP while higher K intake helps lower BP. 24-hour urine collection is considered
the gold standard for estimating individual daily Na intake. However, 24-hour urinary
assessment is burdensome. Because of low response rates and undetected under-collection,
bias in determining total volumes excreted is not uncommon. In large population-based
studies, 24-hour collections can also be costly and impractical, especially in the return of large
quantities of urine to the research clinic.
As an alternative to the collection of urine over a 24-hour period, spot urine sampling
is a more convenient and affordable method for measuring intake of Na and K. Whether the
analysis of repeated measurements of spot urine estimates of the amount of electrolytes
excreted over a 24-hour period helps clarify the value of using single spot urine samples is
unknown. To our knowledge, there are no studies of the association of BP with estimates of 24-
hour urinary Na and K excretion or the sodium/potassium (Na/K) ratio from repeated measures
of single spot urine samples. Our purpose is to examine this association using spot urine
samples that were collected annually over a 5-year period from a representative sample of
Japanese workers.
Methods. The current study is based on previously collected data from the High-Risk and
Population Strategy for Occupational Health Promotion Study (HIPOP-OHP), a 5-year lifestyle
intervention trial that was conducted from 1999 to 2004 across a broad spectrum of companies
typically found in Japan. Data on BP, spot urinary Na, K, Na/K ratio, body mass index, alcohol
consumotion. smoking status and ohvsical activitv were collected vearlv from 1999 to 2004.
・ 考 ） 2 . 論文内容要旨は、研究の目的•方法•結果•考察•結論の順に記載し、 3 千字 
程度でタイプ等を用いて印字すること。
3 . ※印の欄には記入しないこと。
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(続紙）
Methods (continued)......After excluding people with anti-hypertensive medication or with
history of diabetes, the final sample was 4360 participants. To estimate the effect of Na and K 
excretion and the Na/K ratios on BP, linear mixed-effects regression models for data with 
repeated measures were used to calculate the mean difference in systolic and diastolic BP per 
one standard deviation (SD) change of Na and K excretion and the Na/K ratios. Models were 
further adjusted for additional confounders, including year of examination and other time- 
varying covariates. In the assessment of the effect of Na and K on BP, adjustments were also 
made for the other electrolyte. Tests for interaction due to varying effects across sex, age, and 
BMI were also conducted. Analyses used SAS statistical software (version 9.4; SAS Institute). 
Results. Overall, a one standard deviation increase in estimated sodium excretion (36.5 
mmol/day) was associated with a 1.3 mmHg higher systolic blood pressure and a 0.8 mmHg 
higher diastolic blood pressure (P<0 .001).A  one standard deviation increase in estimated 
potassium excretion (8.9 mmol/day) was associated with a 1.1 mmHg lower systolic blood 
pressure and 0.7 mmHg lower diastolic blood pressure (P<0.001). As a combined measure of 
excretion of both electrolytes, estimated 24-hour sodium-to-potassium ratio was positively 
associated with both blood pressures (P<0.001). Associations of blood pressure with sodium 
and the sodium-to-potassium ratio increased with age and were stronger in men than women. 
Associations with potassium and sodium-to-potassium ratio were stronger in those who were 
overweight.
Conclusions. In summary, our study shows that estimated 24-hour excretion of Na, K, and the 
Na/K ratio from repeated single spot urine samples have significant associations with BP. For 
estimated Na and the Na/K ratio, associations were more pronounced in men and participants 
>45 years of age. In contrast, the relationship between BP and estimated K excretion was 
consistently strong regardless of sex and age. The relationship was significantly stronger in 
overweight people. Our findings support the use of the more convenient collection of single 
spot urine samples versus 24-hour urinary excretions. As measures to help assess hypertension 
risk at the population level, they might be useful, especially in groups who tend to be at a higher 
risk of cardiovascular disease, including men, samples who reach middle-adulthood (>45 years 
of age), and in those who are overweight.
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学位論文審査の結果の要旨
整理番号 824 氏 名 NGUYEN THI MINH TRANG
論文審査委員
(学位論文審査の結果の要旨）※明朝体 1 1 ポイント、 6 0 0 字以内で作成のこと
本論文は本邦の企業健診受診者4370名を対象として、3 回以上の反復測定スポット尿を 
用いたナトリウムおよびカリウムの2 4時間尿中排泄推定量を田中らの式で計算し、血圧と 
の関係を検討し、以下の点を明らかにした。
1 ） ナトリウム 2 4時間尿中排泄推定量およびNa/K比の増加は収縮期および拡張期血圧を 
上昇させ、カリウム24時間尿中排泄推定量の増加は下降させる。
2) ナトリウム2 4時間尿中排泄推定量およびNa/K比は収縮期血圧の上昇と正の相関があ 
り、カリウム 24時間尿中排泄推定量は収縮血圧の上昇と負の相関がある。
3) ナトリウム24時間尿中排泄推定量の増加に伴う収縮期血圧の上昇幅は男性で有意に大 
きく、年齢とともに増加した。
4) カリウム 2 4時間尿中排泄推定量の増加に伴う収縮期血圧の下降幅はBMIが髙い群で大 
きかった。
5) Na/K比の上昇に伴う収縮期血圧の上昇幅は男性で大きく、年齢とともに増加し、また 
BMIが高い群で大きかった。
本論文は、採取に手間のかかる2 4時間尿ではなく、スポット尿で測定したナトリウムお 
よびカリウム2 4時間尿中排泄推定量により、過去の 2 4時間尿を用いた血圧との関係に関 
する報告と同様の結果を得ることができることを明らかにしたもので、本領域の研究に新 
たな知見を与えたものであり、また最將試験として論文内容に関連した試問を実施したと 
ころ合格と判断されたので、博 士 （匿学）の学位論文に値するものと認められた。
(総字数580字) 
(平成30年 8 月 2 7日）
